The advent of corporate sustainability reporting and water accounting standards has resulted in increased disclosure of water use by mining companies. However, there has been limited compilation and analysis of these disclosures. To address this, we compiled a database of 8314 data points from 359 mining company reports, classified according to mining industry water accounting guidelines. The quality of disclosures is shown to have improved considerably over time. Although, opportunities still exist to improve reporting practices, such as by ensuring that all relevant water flows are reported and to explicitly state non-existent flows (e.g. discharges). Initial data analysis reveals considerable variability in water withdrawals, use efficiency and discharges between mining operations. Further work to improve industry coverage and to analyse the influence of mine specific factors such as ore processing methods and local climate will provide insights into the interactions of mining and water resources at a global scale.
Introduction
The United Nations Sustainable Development Goals (SDGs) provide an ambitious set of targets for improving environmental sustainability, economic development, social cohesion and human development by 2030 [42] . Meeting these goals will require improvements in the way that water resources are utilised, managed and protected. For instance, SDG6 is focused on 'Clean Water and Sanitation' and within this there are targets for improving access to safe drinking water, improving water quality, increasing water-use efficiency, capacity-building and involving local communities in water management issues. There are many opportunities for the mining industry to contribute towards this [43] , such as through implementing sustainable water management practices that ensure shared benefits for local communities [46] . However, understanding these contributions requires the development of rigorous assessment methods and data sources, so that rates of progress in the mining industry can be measured.
Mining and mineral processing operations have the potential to substantially impact local hydrology and water quality. The magnitude and nature of these impacts are highly site specific due to a variety of underlying factors [30] . Mining and mineral processing operations must adapt their mineral separation and metal production processes based upon the physical and geochemical nature of the ore being mined, resulting in differences in the water required for ore processing. The approaches adopted for storing and managing large-scale mine waste (e.g. waste rock and tailings) can significantly alter mine site water balances and the optimal
Methods and data sources
To support future assessments of water use efficiency in the mining industry and the potential environmental or societal impacts of this, we have compiled a comprehensive database of publicly disclosed water use statistics for the mining industry. The reported water use database was developed in two stages. First, water accounting standards for the minerals industry were reviewed to identify suitable data categories for describing water flows between mining operations and surrounding environments, as well as possible internal flows within mining operations. Secondly, these data categories were used to classify data reported in mining company sustainability and environmental compliance/management reporting, enabling a detailed database of mine water disclosures to be developed. Finally, an assessment of reporting trends and the temporal variability of mine site water balances was performed to better understand data availability and the potential applications of this data to advance research and industry understanding.
Water use reporting in the mining industry
The mining industry has increasingly reported water use statistics within corporate sustainability and environmental management reporting [36] . These disclosures may include mandatory reporting, such as environmental compliance reporting to regulatory authorities that may be made public in some jurisdictions. In other cases, mining companies voluntarily disclose water use data through initiatives such as corporate sustainability reporting and market disclosures [20] . Most existing studies that assess these activities have focused upon the degree of compliance with the various reporting standards that guide these disclosures, such as the Global Reporting Initiative [7, 17] . However, there has been limited analysis of the actual water use data being communicated within these reports.
The Global Reporting Initiative (GRI) provides a framework for corporate sustainability reporting to aide in the communication of a company's social, economic and environmental performance [10] . Despite being a voluntary initiative, there has been strong uptake of GRI based sustainability reporting by major mining companies [7, 36] . The GRI has evolved over time to meet the needs of stakeholders and to improve the meaningfulness or requirements of reporting indicators. As a result, reporting supplements specifically for the mining industry have been made available to improve the quality of disclosures being made by the sector [11] . The main indicators of relevance to water related issues under the reporting standard GRI4 include [10] :
• G4-EN8 -Total water withdrawal by source.
• G4-EN9 -Water sources significantly affected by withdrawal of water.
• G4-EN10 -Percentage and total volume of water recycled and reused.
• G4-EN22 (EN21 in GRI3) -Total water discharge by quality and destination.
• G4-EN26 -Identity, size, protected status, and biodiversity value of water bodies and related habitats significantly affected by the organisations discharges of water and runoff.
Typically, mining operations will be subject to environmental and permitting regulations that require them to submit compliance, planning or management reports to government authorities and regulatory bodies. In some jurisdictions these reports are made public, either voluntarily by the company or as a requirement of their permitting [20] . The contents of this reporting are often highly site specific as they are tailored heavily to understanding the impacts of the mine in the context of the surrounding natural or regulatory environment. Often these reports contain information on water quality monitoring, groundwater abstractions and impacts to aquifers, surface water withdrawals, or the management of major site infrastructure such as tailings dams. In this article and the compiled database, these forms of reporting are referred to as 'Environmental Management Reports'.
Previously there have been weaknesses and inconsistencies identified in mining industry water related GRI disclosures [25] . To address this, the mining industry has developed industry specific water accounting and reporting standards to improve the consistency and rigour of information being communicated through GRI based sustainability reporting and other stakeholder engagement processes. The Water Accounting Framework for the Minerals Industry (WAFMI) was developed by the Sustainable Minerals Institute (University of Queensland) for the Minerals Council of Australia [21] . The WAFMI provides a framework for mining and mineral processing operations to enable consistent estimation and recording of water flows throughout the site and to/from surrounding environments. This accounting framework enables more standardised communication of water use data by mining companies and is sufficiently flexible to enable implementation by a mining operation, regardless of local hydrologic or climatic factors [5] . MCA member companies were required to adopt the WAFMI by 1 July 2015 [22] . More recently, the International Council on Mining & Metals (ICMM) released another guidance document for the industry, 'A practical guide to consistent water reporting', which is required to be implemented by ICMM member companies by November 2018 [15] . The ICMM's guidance document was heavily modelled upon the earlier WAFMI, although with some minor alterations of terminology and significant additional guidance on the assessment and communication of local water contexts and risks.
Database structure
The database was structured to provide a flexible and accurate depiction of public water use disclosures made by the mining industry. The database structure was developed through review of the data categories and water quality classifications provided by the WAFMI [21] and the ICMM's [15] guidance document. As a significant proportion of mining industry water use reporting predates the development of these water accounting frameworks, non-complying reported data has been mapped to the closest equivalent data category. Given the historic variability and often unclear water use reporting practices of mining companies, some data points required considerable judgement of the authors to assign a suitable data category. In these cases, the authors endeavoured to cross-validate data points through comparison with data available for other data categories or time periods. Explanatory comments explaining decisions made were incorporated into the database as necessary.
Data categories
There are a range of ways that mining and mineral processing operations interact with water resources. The flows of water through an operation can be quite site specific depending upon the local hydrology, management practices and processes employed on the site. Fortunately, the WAFMI and the ICMM's guidance document outlines flexible water accounting categories that can be used by mining companies to consistently report water use data. The various water use categories and definitions provided have been adapted to determine the main data categories included in our database.
The data categories used are shown in Fig. 1 , with definitions for each data category provided in Appendix A. As can be seen, there are four major classes of data categories defined to describe the interactions between mining / mineral processing operations and water resources. These are: withdrawals, internal use, consumption and discharge. Within each of these major data classes, an aggregation hierarchy exists reflecting the fact that reported data may only reflect a specific aspect of a mine's hydrological interactions. So further sub-classes are also used that reflect either the aggregate water flows to/from a specific source or sink (i.e. groundwater, surface water, marine water, or third parties), or that reflect a sub-set of flows to each sources or sinks (e.g. aquifer reinjection or seepage).
In this case, an important distinction is made between water consumption and water use. Water consumption is the mode by which water is made unavailable to be returned to surrounding environments, whereas water use is simply a reflection of the water inputs to site processes. Both consumptive and non-consumptive uses of water are possible, depending upon if the water is returned to the surrounding water sources. The consumption categories reflect the ultimate destination of water that is not reused or discharged back into water resources or third parties.
Water quality categories
Water quality categories have been assigned in situations where the definitions provided by the MCA [21] or ICMM [15] 's reporting standards were used. Further detail is provided in Appendix A. Where reporting specifically makes a qualitative distinction between water quality, such as 'potable', 'fresh', 'brackish', 'impounded' or 'poor-quality', then a judgement was made to assign a category based upon the likely equivalent water quality category under the MCA [21] or ICMM [15] reporting standards. It should be noted that most of data reported by the industry does not indicate a water quality description or parameters specifically. Therefore, in these cases the default water quality category applied to the data point is 'T | Total', indicating that the data point is believed to represent all flow or volumes rather than a subset.
Alternative water quality classification approaches are also possible, which may be more relevant for an individual mine site's operation. An example is provided by Cocks et al. [4] who describe a hierarchical classification approach, developed for Kalgoorlie Consolidated Gold Mines (KCGM; 'The Superpit') and the Boddington Gold Mine in Australia. In this case, the potential water source and quality categories are highly tailored to the regional context of those mines and so there is detailed descriptors provided for different aquifer and water source characteristics. However, to ensure consistency with future industry reporting, the water quality categories defined by the MCA's [21] and ICMM's [15] reporting standards were adopted.
Results and discussion
The compiled database, which we refer to as 'Database of Publicly Reported Water Data by the Mining Industry v1.0′, is available in the electronic supplementary material accompanying this article.
Extent and types of captured water use reporting
From the water use reporting surveyed in this study, it is clear that there are substantial amounts of water-related data being disclosed by the mining industry. In total 8314 data points were compiled from 359 mining company reports. Several examples of database entries are provided in Table 1 . Table 2 shows the number of data points that were compiled for each data category, the sources of these data (i.e. environmental 
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management reports or sustainability reports), and the degree to which water quality classification was possible. The breakdown of data sources was ( When comparing the number of data points compiled for each data category, substantially more data is reported by the industry for water withdrawals and the water inputs to processes (both raw and worked water). Comparatively, substantially less data is reported for volumes of water discharges, modes of consumption (i.e. evaporation, tailings entrainment, etc.), or other related metrics such as changes in on-site water storage or local climatic factors. Due to this, it is currently not possible to describe the complete water balance of most mining operations using publicly reported data. Generally, this is only possible when companies have fully adopted and comply with either the WAFMI (MCA, 2014) or the ICMM's water accounting guidelines. Newcrest Mining Ltd was one of the earliest adopters of the WAFMI and this has resulted in consistent long-term reporting of water balances for their mines in Australia and Papua New Guinea, which includes classification of water flows into discrete water quality categories, as well as some assessment of data confidence or uncertainty.
It's unexpected that water discharge volumes were far more commonly reported in sustainability reports rather than environmental compliance reporting. This appears to be because environmental compliance reports place a much greater emphasis on monitoring compliance with water quality targets at specified locations downstream of discharge points, rather than the actual volumes of discharged water. By comparison, companies and sustainability reporting standards, such as the GRI, appear to prioritise communicating volumetric measures, with emphasis on water inputs rather than discharges or specific modes of consumption. Possibly this could be due to mining companies having a better understanding of their compliance with water withdrawal limits and water inputs to processes, however they may have more limited understanding of the ultimate destination of water on their site and the specific modes of water consumption or losses occurring (i.e. evaporation, tailings entrainment, seepage, etc.).
Water quality classifications were also assigned to data points where possible. The breakdown of assigned water quality classification was ( The high proportion of data being assigned the default category T (Total) is indicative of the fact that most companies don't specify water quality categories when reporting, rather the presented data can just be assumed to be the total water flows/volumes with no segmentation based upon quality. However, in several cases mining companies have defined their own water quality classifications that make interpretation more difficult. For instance, in Rio Tinto's reporting from 1997 to 2003 the term 'freshwater' is defined as water with total dissolved solids (TDS) of less than 1500 mg/L. Some Rio Tinto reports from this era also specify 'impounded water' and 'poor quality water'. However, some reports don't specifically include reporting according to these additional classifications. In these cases, it is difficult to determine based upon the reporting whether the water use data being reported reflects that only 'fresh water' was being used or whether there was also poorer quality water being used that went unreported. Most of the data captured was for individual mining operations, however it is also very common for aggregated divisional or company totals to be reported -often without the more detailed data for the individual operations. The breakdown of data aggregation was (Table 3 ):
• 12.9% (1074 of 8314) were company totals, • 20.1% (1673 of 8314) were divisional totals, • 67.0% (5568 of 8314) were operational totals.
Important information on the local context and potential impacts of water use are lost when aggregating water use data to divisional and company totals, especially when a company's operations are not co-located in the same hydrological region.
Aggregation of data appears to be more common for larger companies that have mines located in multiple countries. In these cases, divisional totals commonly reflect either a commodity grouping (e.g. iron ore, copper) or grouping by countries or regions (e.g. North America). There were also instances where data was reported for a mining operation, however due to company mergers or asset sales, a mine would subsequently be included in aggregated divisional reporting. In these cases, there can be discontinuities in the availability of water use data for mines due to the different reporting practices of the various operating companies.
The presentation of data and the ability to accurately record data points is dependent upon how the information is presented in company reports. The breakdown of data disclosure 'type' or estimation method was (Table 3): • 88.8% (7380 of 8314) were directly reported values, • 7.3% (606 of 8314) were reported within graphs without data labels, • 3.8% (319 of 8314) were inferred or calculated from other data in the report, • 0.1% (10 of 8314) were best estimates based upon the authors judgement.
Graph readings, inferences and estimates could be considered to have a slightly lower data quality than the data points sourced from numeric values in the text or tables of a report.
Most of the reported data are for annual time periods and there are substantially less data available for sub-annual timescales (Tables 3 and 4 ). The split was that:
• 87.4% (7270 of 8314) were reported for annual time periods, • 12.6% (1045 of 8314) were reported for sub-annual (mostly monthly) time periods.
In fact, a large proportion of sub-annual data are monthly data for BHP Billiton's Olympic Dam mine site in South Australia, where bore water withdrawals (WGB) from the Great Artesian Basin are reported on a monthly timescale. Monthly rainfall data was also reported for some mines over long periods of time. Some monthly data for Rio Tinto's Oyu Tolgoi mine in Mongolia was also available for raw water use (UM), worked water use (UW), evaporation (VP) and groundwater withdrawals (WG).
The total water use by major data category over time are shown in Table 4 and Fig. 2 . Most of the pre-2000 data are water use data. It is quite possible that for this period, water withdrawals were being reported as 'water use' by several companies. However, it was not possible for authors to further distinguish between reported values and so the data descriptions presented by companies must be taken on face value. Table 5 provides an indication of the data coverage across countries and companies, and the commodity groups represented (coverage not shown due to limitations in reporting for aggregated divisions and minor co-/by-production). The initial data collection had a bias towards copper producing companies and those with operations in Australia. Substantial additional data are available in the public reporting of mining and mineral production companies not included in this list. It is therefore anticipated that the industry coverage of the water reporting dataset could be expanded considerably in the future by further surveying the reporting of additional mining companies. The authors note that compiling data directly from industry reporting is an extremely time-consuming task, particularly due to the frequency of mergers and acquisitions in the industry that break reporting for individual mine sites across multiple companies. So considerable effort and care is required to develop consistent, long-term datasets for individual mining operations. 1997  277  1  275  ---1  55  56  --109  57  1998  268  1  266  ---1  54  54  --106  54  1999  275  2  271  ---2  55  54  --112  54  2000  165  2  129  32  --2  44  14  -22  84  1  2001  51  2  38  9  --2  3  1  --47  -2002  182  16  133  27  --6  4  1  --177  -2003  208  11  155  32  4  -6  3  --2  203  -2004  187  26  123  26  7  -5  3  --2  182  -2005  231  48  136  30  10  -7  4  1  -3  223  -2006  304  66  170  39  17  -12  17  14  1  13  259  -2007  308  94  169  33  6  -6  17  12  1  13  265  -2008  514  147  260  88  6  1  12  32  16  11  1  454  -2009  369  95  193  59  5  2  15  9  7  4  -349  -2010  395  120  177  71  2  2  23  7  6  3  -379  -2011  590  173  257  83  28  31  18  31  21  2  -536  -2012  592  204  212  106  18  32  20  24  19  1  -548  -2013  544  191  175  96  29  27  26  56  34  3  -451  -2014  586  198  180  108  43  36  21  83  69  4  8  422  -2015  569  278  161  81  26  9  14  46 
Water use statistics
The reported data provides a strong basis for establishing a deeper understanding of how the global mining industry interacts with and impacts water resources. This includes developing an improved understanding of the potential magnitude of water consumption and use impacts, how water balances of mining operations vary across regions, and how the water consumption of mining operations can vary through time in response to changing mine conditions, management decisions and local hydrology or climate.
Water withdrawals, use and discharges at mine sites over time are shown in Fig. 3 , with summary statistics shown in Table 6 . These were developed through combination of the water related data with mine site production statistics that the authors have previously compiled (e.g. [26] ), with some minor updates to increase coverage. Water withdrawals, when normalised per tonne of ore mined or processed, display several orders of magnitude of variability between mining operations -with 90% of mining Fig. 2 . Aggregated number of data points compiled for each major data category through time. Excludes sub-annual data.
Table 5
Number of datapoints by country and company (including subsidiaries). Commodity groups known to be represented in the dataset are also shown. 
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operations withdrawing between 0.13 and 17.29 m 3 per tonne of ore processed. Even for the same mine site there can be significant variation in water withdrawals through time, as shown in Fig. 4 where data has is expressed relative to the first year of reported data for each mine site. This intra-annual variability can also range to an order or two of magnitude. Mining operations can vary considerably in terms of their source of water, therefore the variability shown for total water withdrawals is also reflected in the data available for surface water, groundwater and third party water withdrawals. Fig. 5 shows rates of groundwater withdrawals in relation to surface water withdrawals, demonstrating that mines are very diverse in terms of their reliance on either surface water or groundwater withdrawals. Further investigation is required to determine whether the exact drivers of this, but it is likely due to the Fig. 3 . Mine water withdrawals, use and discharges over time, normalised per tonne of ore processed. Additional data points for total water use (U) were inferred from reported makeup (UM) and worked water (UW) data. Breaks in data series indicate periods of no reporting.
substantial differences in local climates and groundwater and surface water availability in different mining regions. The water use required for mining and mineral processing operations are constrained by the required processing conditions and ore throughput rates, which is reflected in the lower apparent variability of total water use. Water use varies between 0.34 and 6.27 m 3 per tonne ore processed for 90% of mining operations (Table 6 ). However, the components of the total water use, raw water and worked water, display a much greater degree of variability (Figs. 3 and 4) . A key contributor to this variability is likely the influence of variability in local hydrology on the mining operations water balance, as year to year variations in rainfall, on-site storage and regional water availability can significantly alter the potential water reuse or recycling rates achievable (or desirable). For instance, during periods of low rainfall, a mining operation may be forced to rely less on external water sources and draw down reserves of worked water from tailings storage facilities or worked water stores. Alternatively, during periods of high rainfall, a mining operation may have easier access to external surface water sources or be able to divert rainfall and surface run-off to water storages for subsequent uses in site processes. There are many potential variations to this depending upon local climate, site water management objectives and infrastructure and site operation strategies [18] . Due to these factors, water reuse efficiency varies substantially between mining operations, as shown in Fig. 6 . Mining operations vary from sourcing process water almost entirely from reused or recycled water, whereas other mine sites have very limited reuse of water and are sourcing water from external sources or the interception of rainfall or ground water on-site. Although there is less discharge data available for mining operations (mine sites specifically reporting zero discharges were excluded from Figs. 3 and 4) , the data that are available suggest very high intra-annual variability in discharge requirements. Again, this is likely to be coupled to both operational and climatic factors. Throughout the life of a mining operation, the morphology of tailings storage facilities may change considerably due to the cumulative disposal of tailings, which may alter water storage capacity and the water balance of the facility over time. Alternatively, the expansion of tailings storage facilities to accommodate further tailings deposition may significantly increase water storage capacity. This has considerable implications for potential rates of impounded water reuse, as well as evaporation rates and discharge requirements. Additionally, variability in groundwater infiltration, rainfall, runoff and evaporation over the life of a mine may also translate into substantial variability in discharge requirements. Some complex examples exist, such as the Lihir gold mine in Papua New Guinea, where more than 200 GL of saline infiltration from Louise Harbour towards the pit is discharged continually back into the marine environment.
Limitations and inconsistencies in existing water use reporting
A range of limitations and inconsistencies were identified in the historic water reporting practices of the industry. For instance, there is considerable inconsistency in accounting for surface water withdrawals between operations or companies, and even at the same operation over time. What is reported as surface water withdrawals, in many cases will simply be the active withdrawal from nearby rivers or lakes that are metered -for which there may be a formal water allocation license that needs to be complied with. In other cases, what is reported as surface water withdrawals may exclude precipitation and runoff that has been intercepted in site water storage infrastructure or within open pits. In yet other cases, what has been reported as a 'surface water' withdrawal may simply be the surface water used in processing operations, rather than the total surface water withdrawals associated with the site, which is not typically known by mine site personnel (i.e. a full site-wide water balance will often be unavailable).
There have also been a range of different ways that water reuse or recycling have been accounted for by the industry. The MCA's [21] and ICMM's [15] standards state that water reuse metrics should exclude the additional rainfall or surface runoff intercepted by worked water stores or tailings storage facilities. However, reporting for many mining operations, particularly older reporting prior to the adoption of these standards, are likely to simply reflect the total water transfers from either tailings storage facilities, tailings thickeners or worked water stores. The presentation of raw water and worked water use efficiency as percentages has also been inconsistent historically. The recommended definition of water reuse efficiency by current reporting standards is worked water use divided by total water use (raw + worked). Whereas, historically several mining companies have reported water use metrics based upon raw water use divided by worked water use. When developing the database, the basis of water reuse efficiency calculations were Notes. a Determined from the mean for each individual mine.
S.A. Northey et al. Water Resources and Industry 21 (2019) 100104
validated and some percentage-based values were recalculated to meet the current accepted definitions. Examples exist in the reporting of companies recognising these issues when reporting water use and reuse. For instance, in 2012-2013 Vedanta restated water use values from 2011 to 2012 to represent total water use, rather than raw 'fresh water' use. In addition, Vedanta changed from reporting 'recycled' water values based on reused water divided by raw water to instead report reused water divided by total water use. Other potential inconsistencies with reporting exist, for instance Xstrata North Queensland reporting in 2010 indicated that the reported total water use excluded water used from groundwater and aquifer dewatering. Therefore, it is important to consider the potential for inconsistencies in the reporting definitions between companies and through time when analysing water use data for the industry. Many mines and mineral processing facilities are effectively zero discharge operations, as evaporation from dams and water storages may be sufficient to prevent the accumulation of water on-site. As a result, many mining operations may not have reportable discharges. However, the absence of water discharges is still a valuable piece of information to communicate to stakeholders. Where a mine does not report any information on discharges, then stakeholders are unable to evaluate whether no discharges from with are occurring, or whether the discharges do occur, but the company isn't reporting these. Therefore, it is recommended that companies report against all major water categories, even when these flows are zero, as this provides stakeholders with a more complete understanding of site water balances.
It is also possible to evaluate how reporting changes when a mining operation is bought, sold or incorporated into another mining company. Examples of this include reporting changes associated with transfer of operations between Oxiana, OZ Minerals and MMG. In these cases, there are periods of time where only half-year reported data was available for mining operations whose ownership was being transferred. The merger of Xstrata and Glencore also provides another opportunity to understand the influence of company structure and reporting practices on the disclosure of data for individual mine sites. Water use data was available for Xstrata at various levels of aggregation. Generally, a lot of data were available for individual operations and divisional aggregations. However, upon merger with Glencore, the reporting practices largely took on those of Glencore and much of the site-based data reporting subsequently ceased. In both these cases, presumably the same detail of water flow monitoring and metering was being undertaken by the mine site personnel, merely the type of public disclosures changed due to corporate transitions.
Very few companies or operations report detailed information on the ultimate destination or sinks of water being consumed. Previous analyses have shown that the rates and balance between different modes of water consumption (e.g. evaporation, tailings entrainment, etc.) can vary significantly between operations and is heavily influenced by local climate, ore characteristics, processing conditions, tailings characteristics, water storage and waste management practices [6, 8, 13, 16, 18, 23, 24, 29, 44] . The MCA's [21] and ICMM's [15] water accounting standards provide guidelines for the reporting of specific modes of water consumption. The implementation of these appears to be responsible for the increased reporting of water consumption categories in recent years (Table 4) . Measurement of water flows and losses can be difficult in practice, and so the standards also provide guidance on communicating the confidence levels associated with reported flows (i.e. high, medium or low) and their quantification method (i.e. measured, estimated or simulated) as part of an accuracy statement. Only limited reporting to date has included accuracy statements alongside reported data. Some additional data was also collected for process variables, such as ore moisture contents and tailings thickener underflow solids densities, which are important for understanding internal rates of water reuse and the amount of water entering tailings storage facilities (Tables 2 and 3 ). There is limited public reporting of these variables in environmental management and sustainability reporting, partially because mining companies may view these as having limited value for external stakeholders and measurements can be highly very variable through time.
Types of water disclosures not captured in the database
There are significant additional data on water related aspects of mining operations that were not captured in the data compilation efforts. Large quantities of water quality monitoring data are available for some mining operations available as part of environmental management and regulation compliance reporting. The water quality implications of mining operations are highly site specific and so monitoring activities must be tailored to the local situation. This monitoring may be quite varied but will commonly include monitoring of upstream or downstream surface water quality, bore water levels and quality, and sediment samples. The exact monitoring requirements will depend heavily upon local environmental regulation and the specific risks associated with the operation, which is a dependent upon a range of factors such as mine type, geochemistry, climate and site management practices. Due to this, the water quality parameters reported by mining companies vary considerably, but will generally include pH, total dissolved solids (TDS), total suspended solids (TSS), conductivity, ferric or ferrous ions, or specific metal cations or anions relevant to the risks of the project and downstream ecology. Generally, specific water quality targets at particular locations or points downstream of a mining operation are defined by environment regulatory authorities and so mining operations conduct monitoring to ensure compliance with these targets. Historically, this monitoring has been manually conducted and often with limited frequency. However, approaches and instrumentation to enable more frequent and automated capture of water quality data are increasingly being implemented in the industry.
Long-term water quality baseline data for periods prior to commencement of mining may not be available in all cases. As a result, it can be difficult to determine how individual mining operations are influencing regional water quality. This then complicates efforts to attribute observed water quality impacts to a mining operation, especially when there are cumulative impacts from other nearby mining operations, land-uses changes or competing water users such as agriculture.
Limited data on local water contexts is included within mining company sustainability reporting. The most notable example is from Rio Tinto's reporting in the late 1990s and early 2000s, where reported water consumption by operations was grouped according to climate zones. This lack of local context in sustainability reporting is being addressed by the ICMM's [15] recent water reporting guidelines, which outline approaches for evaluating and reporting the local catchment setting and water risks facing mining operations. In recent years, studies have begun to report on how the global mining industry is distributed in relation to a range of climatic and water risks, such as water scarcity [31] [32] [33] . It is anticipated that this type of information will increasingly be communicated by the mining industry.
Implications for water footprint and life cycle assessment studies
Water footprint and life cycle assessment-based studies of the mining industry have sought to understand the magnitude in terms of volumetric consumption and potential impacts of water consumption associated with producing mined products [27, 29, 30, 35, 38] . However, Santero and Hendry [39] determined that water scarcity impacts should not be reported for life cycle assessment studies of metal production due to limitations in inventory data and impact assessment methods. Therefore, there is a need for improved data sources to enable adequate assessment of water consumption occurring throughout the global mining industry. There is also a need to develop models that reliably determine environmental impact. The data collected by this study provides a starting point for improving water consumption data present in life cycle inventories of mined products. Additional work is required to improve the industry coverage, incorporate production and co-production data, and to translate the water source and water quality categories of this study into the equivalent data categories that are used by LCA.
Recent assessments of the spatial distribution of mining operations in relation to water use impact characterisation factors demonstrate the value of watershed-based impact assessment [31, 32] . Therefore, water use inventories for the mining industry should ideally be developed and presented on a site-by-site basis. However, if inventory developers are required to aggregate mine site inventories to avoid disclosing commercially sensitive information, then we strongly encourage that watershed, rather than national, boundaries of aggregation are utilised. This is due to a bias for existing national average water use impact characterisation factors to, on average, overestimate water use impacts for the mining industry when compared with watershed based assessment [32] . In addition, inventory data to determine indirect water use impacts should also be developed and additional life cycle impact categories (e.g. climate change, toxicity, etc.) should also be assessed and presented alongside water use impacts.
Further work
The current research has only captured a fraction of the available water related data being publicly reported by the mining industry. Further work could be undertaken to expand the industry coverage of the dataset to include the reporting of a greater number of mining companies. These data compilation efforts are highly time consuming, however once compiled, the data is very valuable for future research efforts. Considerable reported data also exists for other aspects of relevance to sustainable developmentoriented research that is yet to be compiled and analysed in detail. This includes material and reagent consumption data, waste generation, land occupancy and transformations (i.e. disturbance, rehabilitation). Additionally, there is significant amounts of information being reported by the industry at mining industry conferences, and in technical literature more generally, that if compiled in a systematic way would be a very valuable data source for understanding technology deployment, resource efficiency and the impacts of the mining industry. We encourage other researchers to compile and analyse data contained within mining industry reporting, so that the data limitations faced by many current analyses of the industry can be overcome. Any researchers who wish to collaborate to extend the database to include greater industry coverage, additional data categories or perform derivative analyses are encouraged to contact the authors.
Substantial amounts of water use data are also available for the mining industry that have been aggregated to the level of national or state economic sectors (e.g. [47] ). With further data compilation for mining operations in individual regions, this highly aggregated data for economic sub-sectors could potentially be used in conjunction with mine-by-mine data to better understand the magnitude of water use data that is not being publicly reported by the industry.
Data is available suggesting improvements to water use efficiency overtime in the Chilean copper sector [19] . However, there is limited understanding of whether similar trends would be observed in other regions. Based upon the compiled dataset, additional work is required to: 1. combine the dataset with production statistics (e.g. ore throughputs, production rates, recovery factors, etc.) and climate data, 2. classify mine site processing routes and waste management techniques, and 3. use this to develop a nuanced understand of the drivers and trends of water use efficiency in the industry. These drivers are diverse and may include: process related constraints, local weather and climatic factors, water stress and availability in regions, drought and flood recurrence frequency, regulatory factors or societal pressures. Systematic evaluation of how water use in the industry varies in relation to these drivers would enable the development of meaningful schemes for benchmarking water use efficiency in the industry. This would also aide in the assessment of regional water use allocations and the economic value generated by water use in the mining industry [34] .
Conclusions
Effective management of water resources requires a firm understanding of how water is used and consumed in different sectors of the economy. Despite the importance of the mining industry to many regional and national economies, there is still limited understanding of the magnitude and variability of water consumption between mining regions. Due to this limitation, it is difficult to determine what is an appropriate or acceptable level of water consumption for any individual mining operation. Assessing progress in water use efficiency in the mining industry requires the development of benchmark statistics to enable fair and meaningful comparison of water use at different mine sites.
In this article, we have demonstrated that considerable amounts of water use data are being publicly reported by the mining industry. Research efforts to compile and analyse these forms of water use disclosures have the potential to significantly improve our understanding of how the mining industry interacts with water resources, both at an individual site level and across regions and industry sub-sectors. For instance, it was identified that all major components of individual mining operation water balances can vary significantly between both operations and through time. Opportunities exist for further work to improve industry coverage, to develop datasets suitable for water footprinting and life cycle assessment, and to develop water use efficiency benchmarking schemes for the mining industry.
Further implementation of the water accounting and reporting schemes available for the mining industry is encouraged to improve the comprehensiveness and consistency of industry reporting. Increased public disclosure of mine-water interactions has value for investors, communities, regulators and the mining industry itself. Compilation and analysis of these disclosures can provide valuable insights regarding water risks in the mining industry, water management outcomes and the potential contribution of the mining industry to meeting the UN's Sustainable Development Goals. Water abstracted from an external storage, such as a lake or dam.
-WT | Thirdparty Water supplied by a third-party entity or through a long-distance pipeline.
-WTC | Contract or Municipal Water purchased/transferred from a third-party or municipality / township.
-WTW | Wastewater Effluent Wastewater effluent (treated or untreated) purchased/ transferred from a third-party.
-

Table A3
Data type classification definitions and implementation notes.
Data Type Definition Implementation Notes
Reported_Value Data point value presented directly in the reference. -Reported_GraphReading Data point value read from a graph in the reference. Graph readings were aided by software to improve accuracy. Inferred_or_Calculated Data point value that was inferred or calculated from other data in the reference, or that was recalculated to ensure consistency with data category definitions.
Commonly used when data is converted between a percentage or volumetric basis, or an intensity (litres per tonne) and volumetric basis. Commonly also used where a value for a data category can be inferred from values available for other data categories (e.g. summing raw water (UM) and worked water (UW) to obtain a total water use value (U)). Best_Estimate Data point value was estimated coarsely based upon other information in the reference.
Coarse data estimates were typically avoided.
S.A. Northey et al. Water Resources and Industry 21 (2019) 100104
The tables in this Appendix A provide definitions for the various classification categories assigned to each data point. 
